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relation existing between the pupillary contraction and the 
illumination of the retina. 

The discovery of the direct action of light upon the iris leads 
to a number of curious deductions. 

1. We are now able to explain the cause of the intense photo¬ 
phobia which characterises the iritis, and it is probable that the 
examination of the iris by the new pupilometer from the point 
of view of its proper excitability will be very useful in the 
diagnosis of diseases of the eye. 

2. It shows that our photometric measurements must involve 

a systematic error, although slight. When the eye is directed 
towards the most luminous of two lights of different intensities 
the iris contracts, tending thus to equalise for the retina the two 
lights. It is in this movement of the iris perhaps that we should 
seek an explanation of the contradictions which we meet 
continually between the data of our photometric processes and 
the data furnished by sensitive plants employed in the measure¬ 
ment of light. We know, for instance, that a branch of vitia 
sativa placed between two lights equal for our eye and equi¬ 
distant from each other tends invariably to incline towards one 
of them. Chari.es Hexry. 


IMMUNISATION AGAINST SERPENTS 
VENOM, AND THE TREATMENT OF SNAKE¬ 
BITE WITH ANTIVENENE . 1 

I. 

Tj'ROM a remote period of antiquity, there has been enmity 
between the human race and serpents, and, in a literal 
sense, man has bruised the head of the serpent, and the serpent 
has bruised the heel of man. This long-continued feud has not 
yet resulted in victory for either side. Venomous serpents still 
annually destroy the lives of tens of thousands of human beings, 
and, in self-defence, tens of thousands of serpents are annually 
slain by man. 

The progress of knowledge has greatly increased the means 
for protecting mankind against the death-producing effects of 
many diseases; and, although these means have been liberally 
employed in the contest against venomous serpents, none of 
them has hitherto been found sufficient. 

The reality of the contest is appreciated when we find per¬ 
vading medical literature from its earliest beginnings—from the 
time of Pliny and Celsus—to the present time, disquisitions on 
the treatment of the bites of venomous serpents, and lengthy 
descriptions of the numerous remedies, organic and inorganic, 
that have been used for this purpose. Although extended 
experience and the application of the scientific methods of 
the present day, have resulted in showing that each of these 
remedies had been recommended on insufficient grounds, we 
may hesitate in pronouncing their recommendation to have 
been premature, in view of the impossibility of waiting, in the 
presence of imminent dangers, until accurate demonstration has 
been obtained by the usually tardy and laborious processes of 
science. 

Let me pause here for a few minutes to indicate the practical 
importance of a scientific demonstration of the value of any 
remedy that is used in the treatment of snake-poisoning. 

When a serpent inflicts a wound, I need scarcely say that it is 
not the wound, but the venom introduced into it which causes 
the symptoms of poisoning, and the death that may result. This 
venom is now known to be a complex mixture, containing several 
non-poisonous as well as poisonous substances. The latter are 
not ferments and have no power of reproducing themselves in 
the body, but they are substances that produce effects having a 
direct relationship to the quantity introduced into the body. 
This quantity in the case of each serpent varies with its size and 
bodily and mental condition ; with the nature of the bite— 
whether both fangs or only one have been introduced, whether 
they have penetrated deeply or only scratched the surface; and 
with other circumstances related to the serpent, such as whether 
it had recently bitten an animal or not, and thus parted with a 
portion or retained the whole of the venom stored in the poison 
glands. 

A bite may, therefore, result in very little danger, or it may 
be rapidly fatal ; but, in order to produce death, there must 
have been introduced into the tissues at least a certain quantity 

1 An address delivered at the Royal Institution of Great Britain, on 
Friday, March 20, by Prof. Thomas R. Fraser, F. R.S. 
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of venom, which is spoken of as the minimum-lethal quantity 
or dose. The minimum-lethal quantity for the animal bitten, 
again, is different for different species of animals, and different 
also for different individuals of the same species, the chief cause 
of difference between animals of the same species being the 
body weight of the individual, the quantity required to produce 
death being very exactly related to each pound or kilogramme of 
weight. 

If even a minute fraction below the minimum-lethal has been 
introduced into the tissues by an effective bite, death will not 
follow, although serious and alarming symptoms will be pro¬ 
duced of exactly the same kind as those which follow a bite 
which terminates fatally. 

How then can we be assured, in any case of snake-bite in man,, 
that a quantity of venom sufficient to produce death has been in¬ 
troduced ? It is impossible to answer this question except by 
the result. If a quantity less than the minimum-lethal has been 
introduced, although the gravest symptoms may be produced, 
the patient will recover whatever remedies are administered, 
provided, obviously, that the remedies have not been so in¬ 
judiciously selected or used that they themselves, and not the 
insufficient quantity of venom, produce a fatal termination. 
The recovery of a patient after the introduction of less than the 
smallest quantity of venom capable of producing death, has thus 
too often been attributed to the remedies that have been ad¬ 
ministered ; and consequently, as, indeed, is exemplified in the 
treatment of many diseases, a large number of substances have 
acquired an unjust reputation as antidotes. The list of anti¬ 
dotes has, accordingly, become a very large one ; but when 
their pretensions have been subjected to sufficient tests, the 
verdict is that all of them are valueless to prevent death when 
even the smallest quantity of venom required to produce death 
has been received by an animal. 

Without entering into details, I will content myself with re¬ 
producing the opinion of Sir Joseph Fayrer, that, “after long 
and repeated observations in India, and subsequently in England, 
I am forced to the conclusion that all the remedies hitherto 
regarded as antidotes are absolutely without any specific effect 
on the condition produced by the poison.” 

But while medical practice and science, in each period of its 
development, has thus failed to protect man against this ancient 
enemy, legendary traditions, the tales of travellers and of resi¬ 
dents among nations and tribes existing outside of the civilisa¬ 
tion of the time, at least suggest that, by means apart from the 
use of remedies, some measure of success may actually have 
been obtained. 

Many of these legends and statements are probably of great 
significance, and, in connection with facts derived from ex¬ 
periment, which to-night I have to describe, they possess a deep 
interest. 

We learn from these legends that from a remote period of 
time the belief has existed that a power may be acquired by 
man of freely handling venomous serpents, and even of success¬ 
fully resisting the poisonous effects of their bites. 

The Psylli of Africa, the Marsi of Italy, the Gouni of India,, 
and other ancient tribes and sects, were stated to have been 
immune against serpents’ bites, and this immunity has been 
explained on the supposition that serpents’ blood was present in 
the veins of the members of these tribes and sects. 

In more modern times and, indeed, at the present day, the 
same belief is expressed in the writings of many travellers. In 
“A New and Accurate Description of the Coast of Guinea,” by 
William Bosman, published in 1705, an account is given of the 
great “reverence and respect” of the negroes for snakes, 
worshipped by them as gods ; in connection with which the 
following statements are made. “But what is best of all is 
that these idolatrous snakes don’t do the least mischief in the 
world to mankind ; for if by chance in the dark one treads upon 
them, and they bite or sting him, it is not more prejudicial than 
the sting of millipedes. Wherefore the natives would fain 
persuade us that it is good to be bitten or stung by these snakes, 
upon the plea that one is thereby secured and protected from 
the sting of any poisonous snake” (p. 379). 

At Southern Africa, the Rev. John Campbell, in 1813, 
observed that it was “very common among the Hottentots to 
catch a serpent, squeeze out the poison from under his teeth, 
and drink it. They say it only makes them a little giddy, and 
imagine that it preserves them afterwards from receiving any 
injury from the sting of that reptile ” (p. 401). 

Drummond Hay, in his work on Western Barbary, pub- 
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lished in 1844, gives a description of the performances by 
members of a sect of snake-charmers, called the Eisowy, who 
freely handled, and allowed themselves to be bitten by serpents 
proved to be venomous by a rapidly fatal experiment performed 
on a fowl. At the termination of the exhibition, the Eisowy, 
apparently as a usual part of the performance, “commenced 
eating or rather chewing” a poisonous snake,/ 4 which, writhing 
with pain (to quote Mr. Hay’s words), bit him in the neck and 
hands until it was actually destroyed by the Eisowy’s teeth. ” 
He states that, on another occasion, at Tangier, a young Moor, 
who was witnessing the performances of a snake-charmer, 
ridiculed his exhibition as an imposture, and having been dared 
by the Eisowy to touch one of the serpents, the lad did so, was 
bitten by one of them, and shortly afterwards expired. In 
connection with my subject, a special interest is attached to the 
account given by Mr. Drummond Hay, and repeated in its 
main features by Quedenfeldt in the Zeitschrift fur Ethnologie 
of 1886, of the origin of this Eisowy sect, and of the immunity 
which they claim. The founder, Seedna Eiser, was being 
followed through the desert of Soos by a great multitude, who, 
becoming hungry, clamoured for bread. On this, Seedna Eiser 
became enraged, and turning upon them he uttered a common 
Arabic curse, “ Kool sim,” which means 44 eat poison.” So 
great was their faith in the teaching of the saint, that they acted 
upon the literal interpretation of his words, and thereafter ate 
venomous snakes and reptiles; and from that time they them¬ 
selves and their descendants have been immune against serpents’ 
bites (p. 65). 

Dr. Honigberger, in his “Thirty-five Years in the East,” 
published in 1852, relates the incident of a faqueer who was 
bitten by a serpent, and to whom he at once sent medicines 
which he judged likely to prevent the ill-effects of the venom. 
“ On the same afternoon,” he writes, 44 I visited him and found 
him in good spirits. I at first attributed the circumstance to the 
effect produced by the remedies I had sent him, but was sur¬ 
prised on hearing that he had not taken them, he being of 
opinion that the venom of the serpent was incapable of affecting 
him, inasmuch as he had often been bitten by serpents without 
having sustained any injury.” On the suggestion of the faqueer, 
the same serpent, which had been caught and retained, was 
allowed to bite him again, and afterwards to bite a fowl. This 
fowl was taken home by Dr. Honigberger, and he found it dead 
on the following morning, 44 although the faqueer, who was bitten 
first, was quite well ” (p. 135). 

Nicholson, in his work on 44 Indian Snakes” (1875), and 
Richardson, in his 44 Landmarks of Snake-poison Literature” 
(1885), also narrate instances, the latter with obvious disbelief in 
their reality, suggesting that, snake-charmers may possess some 
means for protecting themselves against the bites of venomous 
serpents. 

Many other examples might be quoted in which this sug¬ 
gestion is made. The attention which has been drawn to the 
subject during the last twelve months has prompted the publica¬ 
tion of other instances, such as that related by Dr. Bawa, of a 
Tamil snake-charmer who, in the course of his performances, 
was bitten by a cobra without any effect, while an onlooker, 
foolishly repeating the performance, was bitten by the same 
cobra, and died in three hours ; and the description given by 
M. D’Abbadie, in a recent issue of the Comptes rendus , of the 
custom, recently prevailing at Mozambique, of inoculating with 
serpents’ venom, under the firm conviction that protection is 
thereby produced against the effects of serpents’ bites. 

It may be instructive to associate with these statements the 
belief that venomous serpents are themselves protected against 
the effects of bites inflicted upon them by individuals both of 
their own and of other species. On mere anatomical grounds, it 
is difficult to understand how serpents could escape the ab¬ 
sorption of their own venom through mucous surfaces, even 
admitting that absorption of venom does not occur in normal 
conditions of these surfaces. Venom must, however, be so 
frequently introduced into their bodies, in situations where 
absorption could not fail to occur, by the bites inflicted upon 
them by other serpents, that the conclusion seems inevitable 
that they possess some protective quality, without which, 
probably, no venomous serpents would now be in existence. 
Not only have many general observations been made in favour 
of this belief, but it has been supported by direct experiments, 
such as those made by Fontana of Tuscany more than a cen¬ 
tury ago, and by Guyon, Lacerda, Waddell, Kaufmann, and 
Sir Joseph Fayrer. 
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This, and other evidence, pointing to the existence of pro¬ 
tection against venom, not only in serpents themselves, but 
also, in certain exceptional circumstances, in human beings, 
several years ago originated a wish to investigate the matter. 
It was obviously suggested that if protection occurs, it must be 
caused by some direct result of the absorption of venom ; and, 
therefore, that its existence could be proved or disproved by 
experiment. In the former event, the first steps would already 
have been taken to obtain, by further experiments, results likely 
to be of value in the treatment of poisoning by serpents’ venom, 
and, indeed, likely to be of suggestive importance in even the 
wider field of general therapeutics. 

The general plan to be followed in the first stages of the 
investigation was obviously suggested by some of the statements 
I have reproduced ; for they indicate that individuals might 
become accustomed to, or protected against the effects of ser¬ 
pents’ bites, by the introduction into their bodies of a succession 
of doses of venom, no one of which, necessarily, at the 
beginning of the process was so large as the minimum-lethal. A 
consideration also of the facts, proving the possession of pro¬ 
tection on the part of venomous serpents themselves, indicated 
the same plan of procedure ; for, equally obviously, these serpents, 
from an early period of their existence, must absorb venom from 
their own gradually-developing poison-glands, until, in the course 
of time, they had acquired sufficient protection to remain un¬ 
affected by the larger quantities which the now fully-developed 
glands would introduce into their bodies. 

My first supplies of cobra venom were obtained in 1869, from 
the late Dr. Shortt, of Madras, and in 1879 from Surgeon- 
Colonel Moir, of Meerut. They were in very small quantity, 
but with them I was able to satisfy myself that, by a succession 
of minute doses, animals became able to receive the minimum- 
lethal dose without any distinct injury. At this point, however, 
the supply of venom failed, and the observations could not then 
be carried further. It became evident that until large quantities 
of venom had been obtained, definite results could not be 
hoped for. 

It was not until several years afterwards that a sufficient supply 
had been gradually accumulated, by further small quantities 
received from Sir Joseph Fayrer, the Thakore of Gondal, and 
Dr. Phillips ; and by larger quantities from Sir William Mac- 
kinnon, Director-General of the Army Medical Department, 
and especially from Surgeon-Colonel Cunningham, of Calcutta, 
who for many years has been engaged with much success in the 
study of venoms and their antidotes. Within the last few 
months, and subsequently to the publication of some of the 
experimental results which had by this time been obtained, the 
India Office has also placed at my disposal a considerable quan¬ 
tity of venom, which had been collected by Dr. Hankin, of Agra, 
at the request of Dr. Cleghoorn, Surgeon-General with the 
Government of India. 

But, besides these specimens of the venom of the cobra of 
India, I have also been fortunate in obtaining specimens of 
venoms from other parts of the world. 

From America, Dr. Weir Mitchell, of Philadelphia—whose 
work on the chemistry and physiology of serpents’ venom con¬ 
stitutes the great advance of the century on the venom of viperine 
serpents—has supplied me with the venom of three species of 
rattlesnakes, viz. Crotalus horridus , C. adamanteus> and C. 
ditrrisus , and also with a specimen of the venom of the Copper 
Head ( 7 'rigonocephalus contortrix). 

From Australia, Dr. Thomas Bancroft, of Brisbane, has at 
various times sent specimens of the venoms of the black snake 
{Pseudechis porphyriacus ), the brown snake ( Diemenia super- 
ciliosa), and of a large unidentified snake of the Diamantina 
district of Queensland (probably a new species of Diemenia). 

From Africa, the kindness of Mr. Andrew Smith, a dis¬ 
tinguished naturalist of Cape Town, of Dr. Brook, of the 
Orange Free States, and of Dr. John Murray and Mr. Van 
Putten, of Cape Colony, has placed at my disposal small quan¬ 
tities of the venom of the puff adder ( Viper a arietans ), the 
night adder ( Aspidelaps lubriacs), the yellow cobra {Naja Jiaie ), 
and the 44 Ring Hals Slang” or “Rinkas” ( Sepedon hcema- 
ckates). 

In the meantime, however, the results of experiments on the 
inoculation of the toxines of diseases, as well as of proteid 
toxines of vegetable origin, had suggested to several observers that 
serpents’ venom, because of its chemical analogies with several of 
these substances, might possibly be found capable, like them, of 
producing immunity against the effects of poisonous doses ; and 
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further important evidence has thus been obtained in favour of 
the reality of the protection to which I have referred. 

Sewall, in 1886, undertook an investigation with the object of 
determining if immunity against the fatal effects of rattlesnake 
venom could be produced by the inoculation of repeated doses, 
each too small to produce ill-effects. The experiments were 
made on pigeons, and he succeeded in proving that immunity 
could be secured to the extent, at least, of protection against 
seven times the minimum-lethal dose. Kanthack made a similar 
series of experiments in 1891, which allowed him to conclude 
that rabbits may be accustomed to resist lethal doses of cobra 
venom. Working with the venom of vipers, Kaufmann in 1891, 
and Phisalix and Bertrand in 1893, obtained experimental evi¬ 
dence of the possibility of producing a definite, though not high 
degree of resistance against the toxic effects of this venom. In 
the following year, Calmette, continuing some earlier obser¬ 
vations which had led him to express the opinion that protection 
against snake venom could not be produced, published evidence 
confirming the results of previous investigators, but also showing 

that a higher degree of protection could be secured than they _ 

had obtained, for he succeeded in administering to each of character, causing intense visceral congestions in _ the lungs, 
several rabbits, within a period of eight months, a total quantity kidneys, and other organs, and when the venom is given by 
of from 30 to 35 milligrammes of venom. subcutaneous injection, on all the structures of the skin and 

In 1894, also, both Phisalix and Bertrand and Calmette ob- subjacent parts. There are apparently also some definite changes 

tained evidence of the power of the blood-serum of protected produced in the blood, with regard to which several important 

animals to counteract the effects of venom. Calmette at the facts have been discovered by Dr. Martin, of the University of 

same time claimed that hypochlorite and chloride of calcium Sydney, and by Surgeon-Colonel Cunningham, of Calcutta, 

were antidotes of considerable value ; and in a later publication. Irritative effects are obviously produced by cobra venom, 

he showed that the blood-serum of animals immunised by the even in non-lethal doses, and with greatly increased viru- 
administration of venom possesses a certain degree of antidotal lence by doses that exceed the minimum-lethal; but, in 
efficacy against the toxines of several diseases. respect to this action, the other three venoms used are greatly 

In the case of many of the venoms which I have had the good more active than the venom of the cobra. _ Evidence was 
fortune to obtain, the quantity at my disposal was not sufficient obtained to indicate that in the process of immunisation a 
for experimental examination on the plan that seemed desirable, diminution occurs in the intensity of these local actions ; but 

and, besides, the examination of each of them would require this diminution does not proceed so rapidly as that in the unseen 

several months of work. The venoms that have as yet been functional or other changes which are the more direct causes of 
used are four in number, those, namely, of'the cobra of India death; and, further, the local irritative changes, after having 
(A’aja tripudians), of the Crotalus horridus of America, of a been produced, are slower to disappear than the unseen 

large colubrine snake, probably a species of Diemenia from functional disturbances. Until these facts had been appreciated, 
Queensland, Australia, and of the Sepedon hamac hales ot Africa, and, indeed, even with the adoption of precautions suggested by 
They are, therefore, those of the most deadly of the poisonous them, frequent failures occurred. The apparently contradictory 
serpents of Asia, America, Australia, and Africa, respectively; results, accordingly, were obtained of the production, by 

and, further, they are representative of the chief differences that gradually increasing doses, on the one hand, of a protection 

occur in the composition and action of venoms, for they are derived against quantities much above the minimum-lethal, so perfect that 
from members af the two great groups of the colubrine and no apparent injury was caused ; and, on the other hand, when 
viperine serpents. My supply of cobra venom, however, being the intervals of time separating successive doses had been too brief, 
much larger than that of any of the others, this venom w T as of an intolerance so decided that death was produced by the 

chiefly used in the experiments. last of a succession of gradually increasing doses, no one of 

An essential preliminary to exact investigations with active which was so great as the minimum-lethal. The latter unfor- 
substances must always be the determination of the activity of tunate event was frequently displayed in frogs and guinea-pigs, 

the substances. The only convenient method for doing this is an d attempts to carry immunisation in them to a high point 

to define the smallest dose capable of producing death for any usually resulted in failure. 

given weight of animal—that is, the minimum-lethal dose. Notwithstanding these difficulties, however, such gratifying 
The venoms in their natural liquid state are unstable, and results have been obtained as that rabbits could at last receive, 

they are also inconstant in activity, mainly because of variations by subcutaneous injection, so much as ten, twenty, thirty, and 

in the quantity of the water which they contain. Dried venoms even the remarkable quantity of fifty times the minimum-lethal 

have therefore been used in all the experiments. The cobra dose, without manifesting any obvious symptoms of poisoning, 

venom has, however, nearly always been received in the form Almost the only observable phenomena were a rise in the 
of a dry solid ; but when this was not so, it has been dried in body temperature, which continued for a few hours after the 

vacuo over sulphuric acid. injection, and which contrasts with the fall that occurs after the 

Experiments were made with it on several animals—as the administration of even non-lethal doses, in non-protected 

frog, guinea-pig, rabbit, white rat, cat, and the innocuous grass animals; and a loss of appetite, which usually, though not in¬ 
snake of Italy ( Tropedonotus natrix). Very considerable variably, occurred, and was probably the cause of a temporary 

differences were found to occur in the minimum-lethal dose for f a u ; n weight during the day or two days succeeding each 

each of these animals. For the guinea-pig, the minimum-lethal injection. On the other hand, during the process of successful, 

dose per kilogramme was '00018 grm.-; for the frog, 0002 grm. ; immunisation, the animals increased in weight, fed ^ well, and 

for the rabbit, -000245 grm. ; for the white rat, 00025 g rm -1 appeared to acquire increased vigour and liveliness (Fig. 1). 

for the cat, somewhat less than -005 grm. ; and for the grass j t ; s marvellous to observe these evidences of the absence of 
snake, the relatively large dose of -o^grm. 1 Cobra venom thus injurious effects, and even of the production of benefit in an 

takes a position among the most active of known substances, animal which, for instance, has received in one single dose a 

rivalling in its lethal power the most potent of the vegetable quantity of venom sufficient to kill, in less than six hours, fifty 

active principles, such as aconitine, strophanthin or acokantherin. animals of the same weight, ar.d in the course of five or six 

These facts having been ascertained, attempts were next made months a total quantity of venom sufficient to destroy the lives 

to render animals proof against lethal doses, by administering to 0 f gyo animals of the same species and weight, 
them a succession of gradually increasing non-lethal doses. With the cobra venom, I have also immunised cats and white 

These were, for the first few doses, in -—“ ----- 1 --- >■„ arlminktvatinn : hut 

one-tenth of the minimum-lethal, in 

l Guinea-pig, nearly I millig. 

Frog, i 

Rabbit, nearly £ ,, 

White rat, 5 ,, 


owtviv, vxx rats, uuui uy siiututciucuio auu up — 7-» 

others one-fifth, in others the significance of the latter method of administration will be 

Kitten (6 weeks), 2 millig. afterwards considered. A horse has also been immunised ; and 

Cat, 5 5j. I have to express my obligations to Principal Williams and 1 rot. 

Grass snake, 3 centig. ^ Owen Williams for granting me the accommodation of their 


one-half of the minimum-lethal, and in others almost as great as 
the minimum-lethal. At varying intervals, the doses were 
repeated, and by-and-by gradually increased, until the actual 
minimum-lethal had been attained. The subsequent doses, by 
gradual increments, exceeded the minimum-lethal, and after five 
or six times the minimum-lethal had been reached, it was found 
that the increments could be increased so that each became 
twice, four times, and latterly even five times the minimum- 
lethal, and still the animal suffered little, and, in many cases, no 
appreciable injury. 

This brief statement, however, does not represent the experi¬ 
mental difficulties that were encountered. It describes the 
course of events in the altogether successful experiments. Non¬ 
success, however, was frequent, and many failures occurred 
before experience indicated the precautions and conditions that 
are necessary for success. 

Serpents’ venom exerts what may broadly be described as a 
duplex action. It produces functional disturbances unasso¬ 
ciated with visible structural changes, and it also produces 
obvious structural changes. The latter are of a highly irritative 
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establishment, and to Mr. Davis, also of the New Veterinary 
College, for much valuable assistance. 

Following the same plan of research with the three other 
venoms, it was found that for rabbits the minimum-lethal dose 
per kilogramme of the Diamantina venom is *0015 grm. ; of the 
venom of Sepedon hcemachates , *0025 grm. ; and of the venom 
of Crotalus '004 grm. 1 The Crotalus venom is, in its purity, 
altogether comparable with the cobra venom ; and the deter¬ 
minations, therefore, show that cobra venom is sixteen times 
more powerful than Crotalus or rattlesnake venom. This venom, 
as well as the two others, however, much exceed cobra venom 
in the intensity of their local action. When death is produced 
by Crotalus venom, the subcutaneous tissues become extensively 
infiltrated with a large quantity of blood and of blood-stained 
serum, the underlying muscles are reduced to an almost pulpy 
blood-stained substance, and post-mortem decomposition occurs 
very soon after death. Similar changes in the subcutaneous 
tissues, but to a rather less degree, are caused by the Diamantina 



Fig. i.—I mmunisation of a rabbit against 50 times the minimum-lethal dose of cobra venom. The 
crosses connected by the continuous line represent administrations of venom. The dots 
connected by the interrupted line represent the weights of the animal. 


venom, and in addition, haematuria, or more probably hemoglo¬ 
binuria, was invariably produced by lethal and by large non- 
lethal doses. I mention these circumstances to indicate the 
perfection of the protection which is produced by the adminis¬ 
tration of successive gradually increasing doses ; for they can be 
so adjusted that a dose of the Diamantina venom, even fifteen 
times larger than the minimum-lethal, may be administered 
without producing more than an inconsiderable degree of local 
destructive effect. 

Experiments have also been made by which it has been 
demonstrated that when an animal has acquired a resistant 
power over the minimum-lethal dose of one venom, that animal 
is also able successfully to resist the lethal action of a dose above 
the minimum-lethal of other venoms. To a rabbit protected 
against cobra venom, a dose above the mini mum-lethal of 
Sepedon venom has been administered ; to rabbits protected 
against Crotalus venom, doses above the mini mu nr-lethal of 
Diamantina and of cobra venoms have been given ; to rabbits 
protected against the Diamantina venom, doses above the 
minimum-lethal of Crotalus and Sepedon venoms have been given, 
and in each case the animal has recovered, and but few 
symptoms of injury were produced. At the same time, in other 
experiments, indications were obtained that animals protected 
against a given venom are capable of resisting the toxic effect of 
that venom more effectually than the toxic effect of other 
venoms. 

The experiments have not yet proceeded sufficiently far to show 
for what length of time the protection conferred by any final 
lethal dose may last. It has been discovered, how ever, that 
protection lasts for at least a considerable period of time, even 
when the last protective dose has not been a large one. For 
example, to a rabbit'which had last received four times the 
minimum-lethal dose of cobra venom, twice the minimum-lethal 

1 Diamantina venom, ij milligramme. 

Sepedon hcemachates, 2% ,, 

Crotalus horridus, 4 ,, 
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dose was administered thirty-four days subsequently ; while to 
another rabbit, which had last received twice the minimum-lethal 
dose of Crotalus venom, the same dose of this venom was ad¬ 
ministered twenty days subsequently, and in each case the second 
dose failed to produce any toxic symptom. 

Having thus succeeded in producing a high degree of protec¬ 
tion in animals against the toxic effects of serpents’ venom, the 
blood-serum of these animals was, in the next place, collected 
for the purpose of testing its antidotal properties. In this portion 
of the investigation, the method followed was essentially the 
same as that described in a communication made by me to the 
Royal Society of Edinburgh in 1871, on “The Antagonism 
between the Actions of Physostigma and Atropia,” as it appeared 
to be the most direct method for obtaining accurate knowledge 
of the value of an antidote. 

A few preliminary experiments were, however, early made 
with the serum of animals in whom the protection had not been 
carried to a high degree, and they were sufficient to show that 
antidotal properties are possessed even 
by this serum. It soon became ap¬ 
parent that in order to obtain some 
reasonable approximation to constancy 
in the conditions of the experiments, 
it was necessary that the serum should 
be in such a state that it would remain 
unchanged during at least several weeks. 
It was found that this could be insured, 
without any appreciable loss of antidotal 
power, by drying the freshly-separated 
serum in the receiver of an air-pump, 
over sulphuric acid. 

A perfectly dry and easily pulverisable 
solid is thus obtained from which a 
normal serum can readily be prepared 
as required, by dissolving a definite 
quantity of the dry serum in a definite 
quantity of water. The dry substance 
is on the average equivalent to about 
one-tenth of the weight of the liquid 
serum. I have found that, without any 
special precautions, it retains its anti¬ 
dotal power unimpaired for at least a 
year, and it is probable that it may be 
kept unchanged for an unlimited period 
of time. 

To this antidotal serum, whether in the dry form or in solu¬ 
tion, I have given the name “ Antivenene,” a name which, 
notwithstanding etymological objections, has the advantages of 
brevity and freedom from ambiguity. 

(To be continued ,) 


UNIVERSITY AND EDUCATIONAL 
INTELLIGENCE, 

At the graduation ceremony of the University of Glasgow on 
Tuesday*, the honorary degree of LL.D. was conferred upon Mr. 
Thiselton-Dyer, F.R.S., and Prof. Andrew Gray. 

Prof. J. Perry, F.R.S., Professor of Applied Mathematics 
and Mechanical Engineering at the Finsbury Technical College, 
has been appointed to the vacant chair of Mechanics and 
Mathematics at the Royal College of Science, London. 

At a meeting of the Court of Edinburgh University on 
Tuesday, it was announced that the trustees of the late Earl of 
Moray have allocated the sum of ,£20,000 as a capital endow¬ 
ment fund for the promotion of original research in that univer¬ 
sity. The Court resolved to record their deep sense of the 
munificence of the gift and their cordial approval of the purpose 
towards which it is to be applied. 

In the House of Commons on Thursday last, Sir A. Rollit 
asked the Vice-President of the Committee of Council of Educa¬ 
tion whether it was intended to introduce a Bill in pursuance of 
the recommendations, with or without modifications, of the 
Gresham Commission for the reorganisation of the University of 
London ; and, if so, when and in which House. In reply, Sir 
J. Gorst said' he could not give any definite answer to the ques¬ 
tion. The matter is however under consideration, and we are 
informed that Lord Playfair’s Bill will be reintroduced shortly 
with small changes. 
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